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,QWURGXFWLRQ
:LQG KDV DQ XQSUHGLFWDEOH QDWXUH VR SRZHU JHQHUDWHG E\ ZLQG WXUELQHV LV FKDUDFWHULVWLFDOO\ XQHYHQ DQG LW LV
FDOOHG ³LQWHUPLWWHQW´ IRU LWV YDULDELOLW\ GHILQHG DV WKH KLJK IUHTXHQF\ RI FKDQJH LQ RXWSXW SRZHU DQG YDULDELOLW\
DFFRUGLQJWRGLIIHUHQWWLPHVFDOHV>@7KHUHDUHQRWHFKQLFDOOLPLWVWRWKHLQWHJUDWLRQRIZLQGSRZHUEXWLVVXHVFRPH
IURP WKH IOXFWXDWLRQV RIZLQG UHTXLULQJ FRQYHUWHUV VL]LQJ DEOH WR VXSSRUW WKH SHDN RI SURGXFWLRQ7KLV UHVXOWV LQ
FRQYHUWHUVXQGHUXWLOL]HGPRVWRIWKHWLPH+RZHYHUDVZLQGFDSDFLW\LQFUHDVHVPHDVXUHVKDYHWREHWDNHQWRHQVXUH
WKDWZLQGSRZHUYDULDWLRQVGRQRWUHGXFHWKHUHOLDELOLW\RISRZHUV\VWHPV'HQPDUNH[SHULHQFHVKRZHGWKDWVWDELOLW\
SUREOHPV RFFXU ZKHQ WKH SHQHWUDWLRQ UDWHV DUH KLJKHU WKDQ  RU  >@ 6R ODUJH ZLQG SHQHWUDWLRQ FDXVHV DQ
LQFUHDVLQJQHHGIRUUHJXODWLQJSRZHULHDGGLWLRQDOVSLQQLQJUHVHUYHVDFWLQJDVDEDFNXSEHWZHHQWKHSURGXFHUDQG
FRQVXPHU>@7KHRXWSXWYDULDWLRQVRIZLQGIRUFHFRQYHQWLRQDOSRZHUSODQWVWRSURYLGHFRPSHQVDWLQJYDULDWLRQV
WR PDLQWDLQ V\VWHP EDODQFH WKHUHIRUH FRQYHQWLRQDO SODQWV GHYLDWH IURP RSHUDWLQJ SRLQWV RULJLQDOO\ FKRVHQ WR
PLQLPL]HWKHWRWDOFRVW6WRUDJHWHFKQRORJLHVFRXOGDOVRVPRRWKWKHXQVWHDGLQHVVRIUHQHZDEOHV7KHVWRUDJHV\VWHPV
FDQJLYHIOH[LELOLW\WRWKHQHWZRUNLQWHUPRIORDGOHYHOLQJ(QHUJ\VWRUDJHFDQEHDFKLHYHGWKURXJKPDQ\SRVVLEOH
WHFKQLTXHV SURYLGLQJ IRU D ODUJH YDULHW\ LQ VWRUDJH FDSDFLW\ SRZHU UDWLQJ DQG F\FOLQJ FDSDFLW\ .LQHWLF HQHUJ\
IO\ZKHHOVFKHPLFDOHQHUJ\FRPSUHVVHGDLU+IXHOFHOOVRUVXSHUFRQGXFWRUVFDQEHXVHG8VXDOO\WKHVHVWRUDJH





FRPELQDWLRQRIIHUV WKHDGYDQWDJHRI VWRULQJ UHQHZDEOHHQHUJ\XVLQJDQH[LVWLQJ WHFKQRORJ\HPSOR\LQJZDWHUDVD
ZRUNLQJIOXLG>@ ,WSURYLGHVD WHFKQLFDO VROXWLRQIRU WKHJULGPDQDJHU WRDVVXUH LQ UHDO WLPH WKHEDODQFHEHWZHHQ
SURGXFWLRQDQGFRQVXPSWLRQDOVRDOORZLQJZLQGUHVRXUFHVRSWLPL]DWLRQE\DYRLGLQJDQXQEDODQFLQJSRZHULQFDVH
RI RYHUSURGXFWLRQ >@ 7R PHHW LQFUHDVHG YDULDELOLW\ FDXVHG E\ WKH ZLQG VRXUFH WKH 3+6 V\VWHP RIIHUV YDULRXV
PDFKLQH WHFKQRORJLHV 3HOWRQ ZKHHOV )UDQFLV UXQQHULPSHOOHUV DQG .DSODQ UXQQHULPSHOOHUV )UDQFLV ZKHHOV DUH










7KLV VWXG\ DQDO\]HV WKH SRVVLELOLW\ RI LQWHJUDWLQJ WKH QRQSURJUDPPDEOH ZLQG HQHUJ\ VRXUFH ZLWK D VWRUDJH
V\VWHP3+6DQGDSURJUDPPDEOHIRVVLOIXHOHQHUJ\V\VWHPQDPHO\DIDVWUHVSRQGLQJ*DV7XUELQH*7V\VWHPWR
FRPSHQVDWHGLIIHUHQFHVEHWZHHQDFWXDOZLQGJHQHUDWLRQDQGDFWXDOORDGGHPDQG)LJXUHVKRZVDVFKHPDWLFOD\RXW
RI WKH SURSRVHG ZLQG *7V DQG 3+6 LQWHJUDWHG V\VWHP 7ZR GLIIHUHQW PHWKRGV ZLOO EH DSSOLHG WR RSWLPL]H WKH
LQWHJUDWHG V\VWHP D &XVWRPPHWKRG DQG'\QDPLF 3URJUDPPLQJ '3 7KLV VWXG\ VKRZV SUHOLPLQDU\ UHVXOWV WR
YHULI\ LI WKH LQWHJUDWHGV\VWHPFRXOGEHDYLDEOHVROXWLRQ WRFRPSHQVDWHZLQGYDULDELOLW\DQG WRDFFRPPRGDWH WKH
LQFUHDVLQJZLQGEDVHGHQHUJ\SHQHWUDWLRQLQWRWKHHOHFWULFDOJULG
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FRQWHQW ZLWKLQ WKH LVODQG WR PD[LPL]H WKH VXSSO\ RI UHQHZDEOH HQHUJ\ 7KH DLP RI WKH VWXG\ LV WR LGHQWLI\
FRUUHODWLRQV EHWZHHQ WKH ZLQG SRWHQWLDO DQG WKH UHTXLUHG DGGLWLRQDO FDSDFLW\ LQ RUGHU WR SURYLGH WR WKH JULG WKH
VFKHGXOHGSRZHUVPRRWKLQJRXWZLQGYDULDELOLW\7KHUDQJHRIFDSDFLWLHVUHTXLUHGWRFDSWXUHWKHH[FHVVZLQGRUWR
JHQHUDWH WKH GHIHFW RI SRZHU LV DQDO\]HG ZLWK D SDUDPHWULF DSSURDFK 3+6 DQG *7V RSHUDWLRQDO FRQVWUDLQV DUH
LQFOXGHG LQ WKH PRGHO LQ RUGHU WR FRUUHFWO\ GHPRQVWUDWH KRZ ZLQG YDULDELOLW\ ZLOO LPSDFW RQ 3+6 DQG *7 ,Q
SDUWLFXODUIRU3+6OLPLWDWLRQRQSXPSLQJDQGJHQHUDWLRQFDSDFLW\DQGUDPSUDWHZLOOEHFRQVLGHUHGGXULQJK\GUR





)LJXUH  VKRZV WKH ZLQG SRZHU RXWSXW GXULQJ IRXU VHOHFWHG GD\V ,Q RUGHU WR DQDO\]H WKH EHKDYLRU RI WKH
LQWHJUDWHGV\VWHPLQGLIIHUHQWZLQGFRQGLWLRQVGLIIHUHQWGD\VUHSUHVHQWDWLYHRIKLJKPHGLXPDQGORZZLQGSRZHU






























































DHURGHULYDWLYH *HQHUDO (OHFWULF /06  DQG D KHDY\ GXW\ 6LHPHQV 6*7) >@ 7KH WRWDO SRZHU
SURYLGHGE\WKH*7XQLWVLVHQRXJKWRPDNHXSWKHWRWDOILUPSRZHU0:SRZHURXWSXWHYHQLIQRSRZHUIURP









YDULDWLRQ UDQJH EXW LW QHHGV SRZHU HOHFWURQLFV GHVLJQHG IRU WKH UDWHG SRZHU RI WKH WXUELQH )RU D YDULDEOH VSHHG
SXPSWXUELQHSRZHULQSXWFDQEHUHJXODWHGEHWZHHQDQGZKLOHLQJHQHUDWLRQPRGHWKHSRZHURXWSXWFDQ
EH UHJXODWHG EHWZHHQ  DQG  FRQVLGHUDEOH ZLGHU RQ WKH UHVSHFW RI W\SLFDO FRQVWDQW VSHHG SXPSWXUELQH
UHJXODWLRQ UDQJH >@ 7KH FKDUDFWHULVWLF WLPH VFDOHV RI WKH FKRVHQ UHYHUVLEOH )UDQFLV SXPSWXUELQH DUH L IXOO
JHQHUDWLRQLQOHVVWKDQVHFRQGVLLIURPJHQHUDWLQJWRSXPSLQJDQGYLFHYHUVDLQPLQXWHV7KH
HIILFLHQFLHVRI WKH UHYHUVLEOH)UDQFLV XQLW IRU VDNHRI VLPSOLFLW\ LQ WKLV VWXG\DUH VXSSRVHGFRQVWDQWDQGHTXDO WR























































































0D[LPXPSRZHURXWSXW >0:@  
0LQLPXPSRZHURXWSXW   
5DPS5DWH>0:PLQ@  




0D[LPXP3RZHU >0:@  














7KH FXVWRP VWUDWHJ\ DOJRULWKP GHYHORSHG DQG DVVXPHG IRU WKH FDOFXODWLRQ RI *7V DQG 3+6 RSHUDWLRQ LV
VFKHPDWLFDOO\ SUHVHQWHG LQ ILJXUH  D DQG E 7KH FRQWURO VWUDWHJ\ KDV EHHQ LQWURGXFHG LQVLGH DQ LQKRXVH
FDOFXODWLRQFRGHGHYHORSHG LQ9%6FULSW ODQJXDJH WKHFDOFXODWLRQFRGH UHFHLYHVDV LQSXW ORDGDQGZLQGSRZHU
RXWSXWSURILOHVDQGLQWHJUDWHGV\VWHPFRQILJXUDWLRQLHW\SHDQGQXPEHURI*7VW\SHDQGQXPEHURI3XPSWXUELQH
HIILFLHQF\ RI*7V DW SDUWLDO ORDG HIILFLHQF\ RI SXPSWXUELQH IXHO FRQVXPHG IRU VWDUWXS SURFHGXUH HWF:KLOH
FRGH SURYLGHV DV RXWSXW *7V DQG 3+6 SRZHU RXWSXW SURILOHV GXULQJ WKH GD\ DORQJ ZLWK ZDWHU EHKDYLRU LQVLGH
UHVHUYRLUVWKHDPRXQWRIQDWXUDOJDVFRQVXPHGIRU*7VRSHUDWLRQLQFOXGLQJVWDUWXSDQGVKRXWGRZQSURFHGXUHVHWF
)RUHDFKWLPHVWHSFRQVLGHUHGNWKHFXVWRPVWUDWHJ\ILUVWO\HYDOXDWHVWKHGLIIHUHQFHEHWZHHQZLQGSRZHURXWSXW
3:DQG ORDGGHPDQG/ LIZLQGSRZHU LV ORZHU WKDQJULGUHTXHVW WKHQZDWHUYROXPHLQVLGH WKHXSSHU UHVHUYRLU
985QHHGVWREHKLJKHUWKDQWKHPLQLPXPYDOXHWRXVHWKHK\GURWXUELQHRI9850$;,I WKHK\GURWXUELQH
FDQQRWEHXVHG 37  WKHJDV WXUELQHVDUH WXUQHGRQ WRPHHW WKHSRZHURXWSXW UHTXHVWHG 3*7V!2WKHUZLVH LQ
FDVHRIZLQGRYHUSURGXFWLRQ 3Z!/  WKH VXUSOXVRISRZHURXWSXWFDQEHXVHG WRSXPSZDWHU IURP WKH ORZHU WR
XSSHU UHVHUYRLU EXW WKH RYHUSURGXFWLRQ SRZHU RXWSXW QHHGV WR EH KLJKHU WKDQ WKH PLQLPXP SXPS SRZHU 3SPLQ
UHTXHVWHG7KLV LV SRVVLEOH RQO\ZKHQ WKHZDWHU YROXPH LQ WKHXSSHU UHVHUYRLU LV ORZHU WKDQ WKHPD[LPXPZDWHU










7RDVVHVV WKHSHUIRUPDQFHRI WKHSUHYLRXVO\GHVFULEHGFXVWRPHQHUJ\PDQDJHPHQW VWUDWHJ\DQRSWLPDOFRQWURO
SURFHGXUHKDVEHHQGHYHORSHGEDVHGRQ WKH'\QDPLF3URJUDPPLQJ '3 VHH >@$WHDFK WLPHVWDJHN WKH
GLVWXUEDQFH YHFWRUሬሬሬԦ୩LV FRPSOHWHO\ NQRZQ IRU WKH GHILQHG WLPH KRUL]RQ ZKLFK LV D VHW RI FRQVHFXWLYH GD\V ,W
FRPSULVHV WKH LQVWDQWDQHRXV WRWDOSRZHUUHTXHVWHGIURPWKHJULGܮ୩DQG WKH LQVWDQWDQHRXVSRZHUSURYLGHGE\ WKH
ZLQGIDUP୛ǡ୩VXSSRVHGWREHNQRZQIRUWKHHQWLUHFRQWUROPLVVLRQ

ሬሬሬԦ୩ ൌ ൣܮ୩ǡ ୛ǡ୩൧ሺʹሻ

7KH DSSOLFDWLRQ RI WKH '3 SURFHGXUH WR WKH SURSRVHG HQHUJHWLF V\VWHP ZDV GHYHORSHG LQ WKH IUDPHZRUN RI D
JHQHULF '30$7/$% IXQFWLRQ >@ 7KH G\QDPLF V\VWHP PRGHO LV FRPSOHWHO\ GHILQHG E\ WKH FKRLFH RI VWDWH
YDULDEOHV YHFWRUሬԦ୩  FRQWURO LQSXWV YHFWRUሬԦ୩  FRVW IXQFWLRQ H[SUHVVLRQ FRQVWUDLQWV DQG LQIHDVLELOLWLHV 7KH VWDWH
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
ZKHUH ௜ܵǡ௞ LV D GLVFUHWH YDULDEOH  WKDW UHIHUV WR WKH FXUUHQW VWDWH RI WKH VLQJOH HQHUJ\ FRQYHUWHU XQLW +'
$(523+6ZKHUHDV ௜ܵǡ௞ାଵLQGLFDWHVLWVVWDWHDWWKHQH[WWLPHVWDJHRIWKHFRPSXWDWLRQ7KLVLGHDFRPELQHGZLWK
WKH FKRLFH RI D FRPSXWDWLRQDO WLPHVWHS WV  PLQ WKDW HQVXUHV WKDW HDFK RI WKH WZR W\SHV RI JDV WXUELQHV FDQ




WKHPRGHO WRFDSWXUH VRPH LPSRUWDQWSK\VLFDODVSHFWVRI WKHSUREOHP VXFKDV WKH OLJKWRIIFRQVXPSWLRQVDQG WKH















ۓ ௉ܲுௌǡ௞ߟ௧ ή ݃ ή ܪ௞ ή ߩ௪ ǡ݂݅ ௉ܲுௌǡ௞ ൐ Ͳ
௉ܲுௌǡ௞ ή ߟ௧
݃ ή ܪ௞ ή ߩ௪ ǡ݂݅ ௉ܲுௌǡ௞ ൏ Ͳ
 ሺͷǤ ܽሻ
οܳ௉ுௌǡ௞՜௞ାଵ ൌ ሶܳ௉ுௌǡ௞ ή ݐ௦ሺͷǤ ܾሻ












ۓ ෍ ൛ ሶ݉ ௙௨௘௟ି௝ǡ௞൫ ௝ܲǡ௞൯ ή ݐ௦ ൅ ݉௙௨௘௟ି௝ǡ௞ሺͲ ՜ ௝ܲǡ௞ሻൟ
஺ாோை
௝ୀு஽
ǡ݂݅ሺܵ௝ǡ௞ାଵ ൌ ͳሻ ת ሺܵ௝ǡ௞ ൌ Ͳሻ






7RSUHYHQW WKH RSWLPL]HG SROLF\ WR FRPSOHWHO\ GLVFKDUJH WKHZDWHU UHVHUYRLU D FRVWPXVW EH DVVRFLDWHG WR WKH
YDOXHDVVXPHGE\WKHHQHUJ\OHYHORIWKHZDWHUPDVVVWRUHGDWWKHHQGRIPLVVLRQ,QGHHGWKHFRVWIXQFWLRQGHILQHG
E\ZRXOGEHOLNHO\WREHPLQLPL]HGRYHUWKHSUHVFULEHGPLVVLRQE\DVWUDWHJ\WKDWWHQGVWRGLVFKDUJHWKHHQHUJ\
EXIIHU DV PXFK DV SRVVLEOH ZKLOH IXOILOOLQJ WKH FRQVWUDLQWV RI SRZHU FRQVWUDLQWV IRU HYHU\ SRZHU XQLW 6HYHUDO
WHFKQLTXHVKDYHEHHQGHYHORSHGWRGHDOZLWKLVVXHVUHODWHGWRSUREOHPVZLWKKDUGFRQVWUDLQWRQ WKHILQDOVWDWHV,Q
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>@ DQ HIILFLHQW DOJRULWKP SURYHG LWV HIIHFWLYHQHVV IRU SUREOHPVZLWK RQO\ RQH VWDWH YDULDEOH ,Q WKH FRQVLGHUHG
SUREOHP DPRUH VWUDLJKWIRUZDUG DSSURDFK LV LPSOHPHQWHG2QFH WKH VWDWH RI HQHUJ\଴DVVRFLDWHGZLWK WKH LQLWLDO
ZDWHUKHLJKW଴DQGWRLWVUHODWLYHVWRUHGZDWHUPDVVୟ଴LVNQRZQFDOFXODWHGDV

଴ሺ଴ሻ ൌ ୟ଴ ή  ή ଴ ൌ ɏୟ ή  ή ሺ଴ െ ୫୧୬ሻ ή  ή ଴ሺ͹ሻ

6LPLODUO\DK\GUDXOLFHQHUJ\DPRXQW୧୤ሺ୧୤ሻ ൌ ɏୟ ή  ή ሺ୧୤ െ ୫୧୬ሻ ή  ή ୧୤FDQEHDVVRFLDWHGWRHYHU\SRVVLEOH
YDOXHRIWKHILQDOZDWHUKHLJKWVWDWH୧୤ZLWKL 1GLVFUHWHYDOXHVIRUܪ௞LQWKH'3SURFHGXUHZKLFKLVDOVRWKH
ILUVWFRPSXWDWLRQDOVWHSRIWKHRYHUDOOWLPHEDFNZDUGFDOFXODWLRQ8QGHUWKHVHK\SRWKHVLVDIXHOHTXLYDOHQWFRVW୒୧
FDQEHDWWULEXWHG WRDQ\JLYHQZDWHUKHLJKWYDOXH୧୤DW WKHHQGRI WKH WLPHKRUL]RQGXH WR WKH LQWURGXFWLRQRIDQ
HTXLYDOHQFHIDFWRUVGHILQLQJDQDSSUR[LPDWHFRUUHVSRQGHQFHEHWZHHQIXHOFKHPLFDOHQHUJ\DQGK\GUDXOLFHQHUJ\










כ ൌ ቊୢ୧ୱ ൌ ͳ ൫Ʉ୥୲ǡୡതതതതത ή Ʉ୮൯Τ ǡ଴ሺ଴ሻ ൏ ܧ୧୤ሺ୧୤ሻୡ୦୥ ൌ Ʉ୲ Ʉ୥୲ǡୢതതതതതതΤ ǡ଴ሺ଴ሻ ൐ ܧ୧୤ሺ୧୤ሻ ሺͻሻ
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SDWWHUQDUH UHSRUWHG LQ)LJDORQJZLWKZDWHU OHYHOEHKDYLRU LQVLGH WKHXSSHU UHVHUYRLU LQ)LJ7KHV\VWHPLV
FDSDEOHRIGHOLYHULQJ0:RIRXWSXWSRZHUIRUGD\VZLWKERWKFRQWUROVWUDWHJLHV
1HYHUWKHOHVV LQWHUHVWLQJGLIIHUHQFHV FDQEHREVHUYHG LQERWK*7V DQG3+6RSHUDWLRQDO SDWWHU EHWZHHQ FRQWURO
VWUDWHJLHV




x 'LIIHUHQFHV LQ$(52*7RSHUDWLRQDO SDWWHUQV EHWZHHQ FRQWURO VWUDWHJLHV FDQ EH EHWWHU H[SODLQHG IRFXVLQJ RQ
K\GUR WXUELQHSRZHURXWSXWSURILOHV VHH)LJ ,QSDUWLFXODU LW FDQEHREVHUYHG WKDW WXUELQHSRZHUREWDLQHG
ZLWK'3LVDOZD\V ORZHU WKDQ WKDWREWDLQHGZLWK&XVWRP7KLVGLIIHUHQFHFDQEHH[SODLQHGFRQVLGHULQJ WKDW LQ
JHQHUDWLRQ PRGH IRU &XVWRP VWUDWHJ\ SULRULW\ LV DWWULEXWHG WR K\GUR WXUELQH LI XSSHU UHVHUYRLU FRQVWUDLQW LV
UHVSHFWHGOHDYLQJ*7VLIQHFHVVDU\WRFRYHUWKHUHPDLQLQJUHTXHVWHGSRZHU:KLOHWRRSHUDWHZLWKPD[LPXP
SDUWORDGHIILFLHQF\LHPLQLPXPIXHOFRQVXPSWLRQRUOHDYH*7VRII'3VWUDWHJ\OLPLWVIRUPRVWRIGD\DQG










x 'XULQJSXPSK\GURRSHUDWLRQVQR VLJQLILFDQWGLIIHUHQFHVFDQEH IRXQGH[FHSWDURXQGPLQXWHDQG
ZKHQ'3LQRUGHUWRLQFUHDVHSDUWORDGHIILFLHQF\RIRSHUDWLYH*7VWDUWVSXPSLQJRSHUDWLRQ
x '3DVH[SHFWHGDOORZV WRPLQLPL]HQDWXUDO JDVFRQVXPSWLRQZLWKD VLJQLILFDQW VDYLQJ FRPSDUHG WR1RGDLO\





























































































ZDV VLPXODWHG'LIIHUHQW GD\V RIZLQG JHQHUDWLRQPXOWLSOH*7XQLW DQG D UHYHUVLEOH SXPSWXUELQH K\GUR VWRUDJH
V\VWHP KDYH EHHQ FRQVLGHUHG 7ZR GLIIHUHQW FRQWURO VWUDWHJLHV KDYH EHHQ DSSOLHG D &XVWRP LQKRXVH GHYHORSHG
VWUDWHJ\ DQG DQ RSWLPDO FRQWURO VWUDWHJ\ EDVHG RQ '3 )RU WKH VHOHFWHG GD\V RI DQDO\VLV *7V SXPS DQG K\GUR
WXUELQHSRZHURXWSXWSURILOHVIXHOFRQVXPSWLRQDQGVWRUDJHUHVHUYRLURSHUDWLRQKDYHEHHQREWDLQHG&RPSDULQJ*7V
DQG3+6RSHUDWLRQDOSDWWHUQVLQWHUHVWLQJGLIIHUHQFHVEHWZHHQVWUDWHJLHVKDYHEHHQREVHUYHGDQGGLVFXVVHG7KHXVH
RI'3 DOORZV WRPLQLPL]H QDWXUDO JDV FRQVXPSWLRQZLWK D VLJQLILFDQW VDYLQJ FRPSDUHG WR&XVWRP VWUDWHJ\ 7KH














>@ 3-0 +RXUO\ 'D\$KHDG %LG 'DWD  5HWULHYHG IURP KWWSZZZSMPFRPPDUNHWVDQGRSHUDWLRQVHQHUJ\GD\DKHDGKRXUO\GHPDQG
ELGGDWDDVS[














>@ 6XQGVWU|P 2 *X]]HOOD / $ *HQHULF '\QDPLF 3URJUDPPLQJ 0DWODE )XQFWLRQ WK ,((( ,QWHUQDWLRQDO &RQIHUHQFH RQ &RQWURO
$SSOLFDFWLRQV6DLQW3HWHUVEXUJ5XVVLD
>@ 6XQGVWU|P2 $PEKO ' *X]]HOOD / 2Q ,PSOHPHQWDWLRQ RI '\QDPLF 3URJUDPPLQJ IRU 2SWLPDO &RQWURO 3UREOHPV ZLWK )LQDO 6WDWH
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